fishing have recently been found in MPAs (Harmelin, 2000) . Other more common species, such as labrid, serranid and sparid species, which are extremely vulnerable to angling as a result of their curious nature (Harmelin et al., 1995) , can only be found in large size classes in the MPA (García-Rubies and Zabala, 1990) . As most rocky fish species along the Mediterranean coast are protogynous or protandrous hermaphrodites (Francour, 1994) , the selective overfishing of the largest gender can affect species viability.
Recently, a number of MPAs have been created along the NE coast of Spain , some of which are located in high intensity tourist areas where professional and recreational fishing is a widespread activity. One of these MPAs is the Ses Negres MPA located on the "Costa Brava" and established in 1993. From interviews with local fishermen it is known that this coastline in recent years has been dramatically affected by recreational fishing, especially during the summer months (Soley, 2000) . Establishing the Ses Negres MPA meant prohibiting all forms of professional and recreational fishing activities, anchoring and SCUBA diving.
This study is the first long term study undertaken in the Ses Negres MPA and it aims to evaluate the effects of protection on fish populations in terms of their diversity, abundance and size structure.
MATERIALS AND METHODS
The Ses Negres MPA (41°58'N, 03°13'E) is comprised of 1.3 km of NE orientated rocky coastline and protects 80 ha of marine territory. This area runs from the shore to a depth of 40 meters and is composed of both sandy and rocky bottoms.
The non-destructive visual census technique has been the most widely used to assess fish abundance and richness in situ (Harmelin-Vivien et al., 1985; Kimmel, 1985; Harmelin, 1987; Francour, 1994; Lipej et al., 2003) . The specific methodology applied in this study was based on visual censuses following the transect method used by García-Rubies and Zabala (1990) . Thus, fish richness and size structure data were collected along permanent transects of 50 x 5 m using SCUBA.
A preliminary study assessing the abundance and diversity of the fish assemblage was done in randomly selected months from the summer of 1994 to the end of 1996. Surveys were done at several sites both inside and outside the MPA, hereafter R and NR respectively. The adjacent stretch of coastline 1 km south from the southern limit of the reserve was used as the non-protected location. All surveys were done on the rocky bottoms because in coastal areas this is where fishing pressure is greatest (Francour, 1994) , and where, if a reserve effect exists, it can be reliably reported (Harmelin et al., 1995) . All sites had similar substrata topographic complexity (rocky substrata with scattered boulders), benthic community and a gentle NE slope. In general, the fish assemblage was very similar to the one described by García-Rubies and Zabala (1990) on a nearby coast.
For the current study 2 sites for each location (R and NR) were randomly selected from the group of sites identified during the preliminary study. As fish distribution is depth dependant (Bell, 1983; Lipej et al., 2003) , two depths (deep -10 to 15 m, and shallow -5 to 8 m depth) were used per site. Starting on the northern side, all transects were conducted perpendicularly to the NE rocky slope at each site. Iron bars glued to the rocky bottom indicated the initial and final points of each transect.
As seasonality, weather conditions, fish behaviour and reproduction influence fish species richness and abundance throughout the year (Harmelin et al., 1995; Soley, 2000; Lipej et al., 2003) , all surveys were done on randomly selected sunny days between June and September each year. The number of surveys (i.e. sampling days) done per year was 9 (1997), 9 (1998) and 7 (1999). For each sampling day, all selected transects from the different sites and depths were surveyed once.
Fish species that could be indicative of the reserve effect were identified based on previous studies in the same region (García-Rubies and Zabala, 1990; Harmelin et al., 1995; Soley, 2000) . Following the categories of the target fish species defined by Harmelin et al. (1995) , "type A" was used to assess fish species richness, and the species selected for the shallow transects were Harmelin et al. (1995) included 2 sparid species Diplodus sargus and Diplodus vulgaris, which are very valuable catch to both professional and recreational fishermen (Francour, 1994; Harmelin, 2000) . Data from the preliminary study showed that these 2 species were recorded in all surveys. As a result, they would not have been good indicators of the reserve effect in terms of species richness. However, they were useful for comparing size structures of populations inside and outside the reserve. Thus, the maximum length of the fish was measured using a 40 cm scale glued onto a 1 m stick. The scale was brought as close as possible to the fish in order to achieve the best estimate of its length. The same was done for the "type B" species Serranus cabrilla and Coris julis (Harmelin et al., 1995) . Four size classes were established (small, medium, large and very large) in 10 cm intervals from 0 to 40 cm for the Diplodus species, and in 5 cm intervals from 0 to 20 cm for C. julis and S. cabrilla.
The transects were conducted by 2 divers swimming slowly, taking approximately 15 minutes to cover each transect. The first diver assessed fish species richness by recording the presence of the selected fish species, while the second diver measured the 4 target species in the transect. As it was impossible to measure all target species at one time, two species were measured in each transect. Consequently, population size structures of D. sargus and D. vulgaris were obtained from the shallow transects, while the population size structures of C. julis and S. cabrilla were obtained from the deep transects. This bathymetrical segregation was defined based on what García-Rubies and Zabala (1990) found along a nearby coast. For C. julis, females and males in the preliminary phase could be recognized easily as they have different colour patterns from the terminal phase males, and are smaller (Harmelin et al., 1995) .
The effects of protection and year on species richness and size structure data were analyzed using a 2-way ANOVA test, in which protection and year were fixed factors. All analyses were performed using SYSTAT software (v. 11, SPSS Inc., 2004) .
RESULTS
In the shallow transects, 6 species were found in R throughout all 3 years, while in NR only 2 species were found in 1997, 5 in 1998 and 4 in 1999 (Fig.  1a) . The mean % frequency of species per transect in R increased gradually during the 3 years, while in NR, the frequency remained low. The ANOVA test showed significant effects of protection (F 1,90 = 28.087, p<0.001) and year (F 2,90 = 6.352, p = 0.003), while the effect of the interaction was, by a very small margin, not significant (F 2,90 = 3.057, p = 0.052). In the deep transects undertaken in R, 7 of the 14 target species were found in 1997, 12 species in 1998 and 13 in 1999, while in NR, 7 species appeared in 1997, 7 in 1998 and 6 in 1999 (Fig. 1b) . Again, there was an increase in mean % frequency of species per transect in R, but not in NR. The effects of the factors and their interaction were significant (2-way ANOVA: protection, F 1,186 = 23.624, p<0.001; year, F 2,186 = 9.664, p<0.001; interaction, F 2,186 = 5.982, p = 0.003).
In general, for both D. sargus and D. vulgaris, larger individuals were found in R than in NR, especially from 1998 onwards (Figs. 2a,b) . In R, all size classes increased during the study period. The very large size class (31-40 cm) appeared in R for both species in 1998 and 1999, and in the last year of the study there was an increase in the abundance of this size class. Both species showed unimodal distributions, with medium and large sizes being the most abundant size classes, especially noticeable for D. sargus. The size structures of D. vulgaris were more varied, dominated, however, by small and medium size classes. The ANOVA tests showed strong effects of protection, year and interaction on both species (all situations p<0.001, except interaction for D. vulgaris, F 2,2576 = 3.904, p = 0.02).
The size structure of both C. julis and S. cabrilla (Figs. 2c,d) showed the same pattern as that of the sparid species. For C. julis, the female and primary males were the most abundant types (<15 cm), while all larger individuals were terminal phase males and were only encountered in R (Fig. 2c) . Significant effects of the factors and their interaction were found (2-way ANOVA: protection, F 1,363 = 35.578; year, F 2,363 = 16.466; interaction, F 2,363 = 15.029; all situations p<0.001). In 1997 the middle size class of S. cabrilla was the most abundant at all sites, but in the following 2 years the importance of this size class was reduced, and both the larger and smaller size classes increased, especially in R (Fig. 2d) . Again, significant effects of all factors and the interaction were found (2-way ANOVA: protection, F 1,1028 = 106.281, p<0.001; year, F 2,1028 = 30.193, p<0.001; interaction, F 2,1028 = 5.263, p = 0.005).
DISCUSSION
This study suggests the presence of a reserve effect on fish populations in the Ses Negres MPA both in terms of species richness and the population structure of the target species. In all cases, protection and year were critical factors, with the highest species richness and the largest individuals being found almost exclusively in the MPA, especially by the end of the study period.
In terms of fish species richness, all the studied species were found in R except one, Phycis phycis (Fig. 1) . Other rare species such as Dicentrarchus labrax, Sparus aurata, Epinephelus marginatus or Sciaena umbra were only found in the MPA, as has been reported in other NW Mediterranean marine reserves (García-Rubies and Zabala, 1990; Francour, 1994; Harmelin et al., 1995) .
The so called reserve effect is mainly defined by the refuge effect (larger fish and higher species richness) (Russ and Alcala, 1998) , but also indicates cascade effects which result from an increase in the number of predators within the MPA that thereby reduces the number of prey (Moreno et al., 1986; Francour, 1994; Castilla, 1999; Pinnegar et al., 2000) . Consequently, the increase in the number and size of predators inside the Ses Negres MPA might have altered the trophic cascades by increasing the pressure on prey.
Fishing pressure on reproductively mature adults distorts populations towards juveniles, which can modify social conditions within populations (Harmelin et al., 1995) and obstruct reproduction in hermaphrodite species (Buxton, 1993; Francour, 1994) . In this study, the size structures of the 4 target species studied highlight the effect of protected areas as refuges of large spawners.
Mediterranean MPAs have become more popular in recent years as a result of the increase in tourism (Harmelin, 2000) . This has produced an increase in recreational activities in MPAs that, in some cases, have negatively affected marine communities such as sessile organisms (Garrabou et al., 1998; Coma et al., 2004) , altered fish behaviour (Harmelin et al., 1995) or simply impeded the recovery of fish populations (Lipej et al., 2003) . The fact that in Ses Negres MPA all forms of human activity are prohibited has prevented these problems from occurring and if any illegal activity took place during the study period, it did not negate the reserve effect on fish populations.
In some Mediterranean MPAs controlled activities have been permitted as these do not interfere with the main objective of recovering overfished populations in MPAs (Harmelin, 2000) . Two examples of the controlled activities include the increase in economic benefits by means of well controlled tourism (Francour, 1994) , and maintaining regional fishing through small-scale artisanal fishing that has proven not to interfere with the recovery of fish populations (Harmelin, 2000) . In the Ses Negres MPA, a multiple-use management plan could be considered only if an integrative approach involving local fishermen, conservation measures, social agents and local administration is implemented. Although no previous data is available regarding fish populations before this marine reserve was created, this study establishes a baseline from which further studies can be done in the Ses Negres MPA. Furthermore, future studies based on the standard methodology used for this study can be applied to other MPAs, and therefore comparisons can be made with the Ses Negres MPA.
